N64 81275

.
DESICN, DEVELCRMENT AND MANUFACTURE
/ /
07 STORAGE DATTERIES

N FOR FUTURE SATELLITES // —_—

——

xg S
Ré"”\@(

NATIONAL AERONAUTICS AND SFACE ADMINISTRATION - CONTRACT NO. KAS 5-509

THIRD QUARTERLY PRCCRESS REPORT, D
C_l;_b-i;y_l%l"dft 4 "uguﬂv 1951

Alka Batiery Divisien
_’/g&?-?y CULTON INDUSTRIES, INC, ¢
Metuchen, lew- Jersey,
¢ —e

Prepared By: %/ ‘g;;n/m/t// Azpagued By: ()( QM«’/‘;)

"R. J3. Dagnall [ /§4// 50 P R. C. Shair

Project Engineer Director of Research

——

VDo Otfetreitn,

f ;.i. Taomas ‘:taub /5. H. Carter, Head
Asat, Project BEunginesy Devalopment Section

N
#i

-



1I.

III.

IV.

V.

VI.

VII.

TABLE OF CONTENIS

Page

ABSTRACT 1
ESTABLISHMENT OF A PYILOT LINE FOR FABRICA-
TION OF HERMETICALLY SEALED CELLS 2 -5
FABRICATION OF CELLS 7-13
RESEARCH AND DEVELOEMENT
A. HEAT TRANSFER 14 -~ 18
B. ELECTRICAL CHARACTERISTICS COF TEE

VO-6HS CELL 18
CONCLUSIONS 19
PROGRAM FOR NEXT PERIOD 20, 21
PERSONNEL 22



13
;
[
I3

I. ABSTRACT

The best method of attaching cell covers tc cell case has
been estaklished to be by heliarec welding. Tools and techniques have
been perfected and are in operation. All welded, hermetically sealed
cells are now being delivered. The development of the sesl, from the
old shear seal to the present coufiguration which permits all welded
cells, is outlined.

The Pilot Plent equipment and processes are described. The
Pilot Plant for assembly of hermetically secaled cells is practically
complete equiprent-wise. Industrisl engineerivg techniques are being
utilized to attain a steady flow of product through the line, and con-
tinued improvements are being made to reduce the rejection rate.

A derivation of equations for the heat flow within a cell is
presented. Further data is presented on the electrical performance of

the V0+-6HS cells at high and low temperatuzes.



I1. ESTABLISHMENT OF A PILOT LIKE FOR FABRICATION
OF HERMETICAILY SFALED CELLS (Zhase 1I)

The design and establishment of a pilot production line, re-
quires certain fundamental prerequisites. This line must serve to pro-
duce reasonable quantitles of the cell gpecifically in mind at its con-
ception, and it must also have & flexible cepability of producing cells
of other designs. The processes daveloped in the Pilot Plant will have
considerable bearing upon the design of future cells. With this in mind,
we proceeded to design end establish the best and most flexible line that
we could,

The Pilot Plant zs it exists at this moment, consists of essen-
tially two separate but parallsl lines joining for the final assembly.
Since this is s Pilot Plant, equipment is grouped more for convenience in
installation and segregetion of types of operations rather than on a mater-
ial flow basis. It is assumed zhat variations in cell comstruction will
from time to time alter the material flow withiv the Pilot Plant.

The Pilot Plant area is lccated in the center of the new building
of the Alkaline Battery Division of Gultoen Industvies, at Metuchen, New
Jersey. This Pilot Plant 2rea is completely enclesed and air-conditioned
for the preservation of cleanliness, veductior of humidity, and controel of
temperature during the sssembly of hermetically sealed cells for satellite
applications.

The arees of this plant which are generstiang the most interest at
this time are the manufecture of the ceramic-io-metal seal and the fimal
closure of the cell. The basic equipment used to make and evaluate the
seals are the Kinrey Vacuum systems with their furnaces and the Veeco Mass

Spectrometer Helium Leak Detector.



The Kinney W=400 Vacuum sysiem, with a 40 volt power supply and
furnaces of our own design, has been the work-horse of the Pilot Plant for
developing and producing ceramic-to-meial seals. 'this little unit was
purchased first for its flexibility in performing the desired operations.
Figure 1 is a picture of this machine. The ore drawback to this machine
is the vibration transmiited through the vacuum commections from the mech-
anical pump to the bed of the machine.

When it became evident that & larger machine was needed to handle
anticipated damands for production, a Kinmey P-~2 Vacuum system best met our
requirements and was purchased. This machine is presently assembled with
two groups of 8 furnaeces each, giving a total of 16 furnaces which can be
lcaded simuitaneously and fired in rotatlon from two 40 volt power suppliies.
The actual flow of metal at each seal mey be cobssrved by the operator so
that uniform products may be produced.

The deveiopment of the furnaces played en Ilmportant part in ch-
taining good seals. Each furrsce must give an even heat so that each part
of the seal will fiow at nearly the same time. Anv shorting of coils by
vacuum depcsiied materials from the sealing operation resulted in subse-
quent rejections on following seals. A covering for the heating element
which ghielded it from deposits and yet was not a substantiel heat barrier
was developed, and is now being used on all furnaces.

Each seal which passes a& visuel inspection must be carefully
checked for leakage. The Veecc MS 9ABC Heliuwm Leal: Detector has proven
to be an excellent machine for testing these secals. A sesl, properly fix-
tured on this machire, can be tested for a leakage rate of the order of
10°10 cc of helium per second. The test procedures have been set up so
that 1f there is any detectable leaskage, even though it is of an order

which coulé ba tolerated, the seal is rejscted. This eliminstes seals



which have flaws which could beccue enlarged under service conditions.

This Veeco leak detector, Figure 2, is a2lso used to check the
final closure of a cell. The entire cell may be fixtured under a bell jar
wvhich is connacted to the detector. The cell is evacuated and back filled
with helium. Anything that lesks frem the cell to the bell jar is detected.
Any cell that can pase this test with a pressure of 20 psia of helium within,
is a good cell,

While the closure of a cell is of utmost importance, the elements
within the cell are also important. A good contaimer is of no value if the
element within is capable of gernerating pressuves that sxceed the capacity
of the container. To this end, two vegqulrerenis must b2 met: the cell
must be capable of recombining the oxygen formed at the positive plate
during overcharge, and hydrogen svolutlon must be complietely supressed
during normal operation. To attain this objective, considerable care must
be given to the formation cycle for the elecktrodes.

A formation pack consiats of 8 positive plates and 9 negatives
with & Dynel and Viskon separator wrapped as shown in Figure 3. By hand-
ling the plates in small groups, in this manner it is possible to handle large
quantities and still assess the quality of all the plates. The formation
getup is shown in Figure &. If the capacity of any ome plate is low, the
entire pack contairing this plate cam be discarded with no great loss.
Prior to formation, all plates are given 2 close 1lnspection for any de-
fects, particularly on the edges.

Following the formation cycles, the platess are thoroughly washed
in g spray bath which removes all of the potassium hydroxide from the
plates. The timing of this bath is critical since the plates must be
washed clean, but nust be removed from the wash before any corrcsion occurs

along the edges of the steel fourndalion of the plates. The plates are



rughed from the wash iateo dryisg ovens where they sre tvapldly dried at &
temperature of 50%,

Until the plates ave required for cell assembly, they are stored
in plastic coatsiners. »Plate tsbs are cut to length during this time, the
positive tabs being one length, the negstives a different length. This
makes it virtually impossible for electrode assemblies to be made in a
mixed manner, or for the plates to be comnected to terminale in improperly
reversed polavity. The diffevence of plate length would certainly be
spotted at one of the many inspecticns prior to the firnal closurxe of the
cell.

The use of prover fixtures for cutting tabs, welding combs to
packe, strsightening combs after welding, and inserting the separstor ma-
terial; greatly facilitates the final assembly. Some of these are shown
in Figures 5 and 6. All electrode stacks of V0-6HS cells are heavily com-
pressed. This compression is necessary for the proper functioning of the
cell, particularly on overcharge when oxygen is formed at the positive eclestrode
but remains dissolved and transfers to the negative plate by diffusicn through
the flooded separetor. The diffusion path shoculd be as short as possibie for
meximum overcharge capability, snd therefore the seperator is compressed be-
tween the electrodes. The case is so designed tha: the electrode stack
mu8t be comprezsesed to be inserted. While under maximum compression, the
pack iz checked for shorts.

With the pack inserted, the cell is now closed, using the new
welding techniques and the Arcofix heliexc welding mechine. Proper haet
sinking protects the internal structure of the cell ancd the ceramic-to-
metal seal.

The back-filling staiion cf the Veeco MSI-ARC unit is now used



to check the seal of the entire cell, The cell is fixtured, by means of
the pinch tube, to the manifold ocutlet of the back-fill station, and
tested as previcusly outlined. Successful cells are then filled with
electrolyte, the smount being carefully controlled, and vzlve and gauge
asgsemblies atteched by means of a coliet fitting on the pinch tube.

We now have what amounts to completed celle which must now be
conditioned and tested electrically. For this purpose, & 50 volt 300
ampere power supply has been instailed and s cycling parel is being com-
pleted in the Pilot Plant. This panel, when completed, will cycle any
contemplated size cell auvtomatically. At present some elemznts are being
used to cycla cells until the complets unit can be plsced into operation.
The cells shown in Figure 7 werz cycled using this equipwent,

The final steps in the manufecture of the cells consists of
closing the pinch tubes, removing the gauge unit, welding the pinch tube
tight, and making final electrical tests and leak checks prior to shipment.

The two most critical pieces of equipment in the Pilot Plent are
the Kinney P2 Vacuum System, and the Vesco M8 9-ABC Lesk Detector. If
there should be a failure of the former picce of equipment, production of
seals would be very seriously limited, since the PW 400 unit could not
make & tenth of the quantity the ¥Z can meke. The leek detector, due to
the many inspection operations required of it, is being used at maximum
capacity now, and a supplemental unit, possibly an MS 9AB urnit, will soon
be required to meat the work load and to provide Dack up ir case of fail-

ure on the primary unit.



ITI. FABRICAWION OF CELL3 (PHASE 1)

To date, a total of 78 VO~6HS type celis have been delivered
to NASA, Table I lists the electrical chavacteristics recorded for de-
livered cells. O©f this totsal, 41 were delivered to £ill a need for cells
to evaluste electrically, and were known to have impe;fect seals. The
tops of these cells weve potted in epoxy to give 28 tight & sesl as pos-
sible for the tests,

Of the 52lance of the cells deliverad, 25 have welded closures
and are functioning as hermetically ssaled cells, and 12 are of solderead
type construction, some of which have leaked.

At the time of this writing, additional welded cells are on
finsl electrical tesi. When these cells have been checked out by the ini-
tial cycling, overcharge tests snd short tests, the tubes will be pinched
off to remove the pressure gauges and then pinched and welded closed, giv-

ing a truly all welded cell.
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TABLE 1.
Electrical Higtory of V¥0-6HS Cells
Delivered to NASA

The cells heving a suffic P on the serisl number were not considered
hermetically sesled, but were delivered to f£fill & need for cells for
prototype evaluation of electrical charscteristics.

Electrical

Ceil Overcharge 500 ma Capacity Check Overcharge 500 ma No. of Short fest

Serial No. Volts PS1 To 1.0 V Vvolts PSI Cycles Yoltage
120 1.495 3 amps 6.8 AH 11
133 1.495 36 3 0" B8.04 AH  1.430 43 25
135 1.461 22 3 " 7.53 AH 1l.460 37 25
136 1.461 44 3 " 7.68 AH 1.440 24 25
141 1.410 24 3 v 7.23 AR 1.4640 24 25
144 1.415 24 3 " 7.23AH 1.430 18 25
155 P 1.495 3 3 " 6.9% AH 1.495 2 12 1,20
is56 P 1.495 8§ " 6.0 AEB 11
157 P 1.495 3 " 6.0 aAH 11
158 1.425 17 3 " 6.48 AH 1.42 12 25 1,31
160 P 1.495 3 " 6.0 AH 11
isl 1.495 75 3 " 6.99 AF 1.4 35 25 1.3%
163 p 1.495 3 " 6.4 AH 11
168 1.495 14 3 " 6.48 AH 24
170 p 1.400 g " 6.3 AR 11
171 1.495 75 3 " 6.48 AH 1l.44 30 25 1.32
174 p 1.400 8 " 6.0 AH 11
182 P 1.495 5 3 v 7.23AH 1.60 5 12 1.2:
183 p 1.50 5 3 " 6.09 AH 1.42 2 12 1.24
185 p 1.47 21 3 " 6.0 AE 1.45 8 12 1.24
i87 p 1.575 22 3 " 6.75 AF 1.525 13 12 1.20
189 p 1.47 8 3 " 6.3 AR 1.48 5 12 1.23
120 p 1.495 2 3 " 7.23 AE  1.49 0 12 1.20
161 1.495 5 3 " 6.0 A" 24
194 p 1.505 27 3 " 6.75 AH 1.505 5 12 1.20
155 P 1.450 8§ " 6.2 AH 11
166 P 1.450 3 " 6.08 AR 11
i97 p 1.60 5 3 " 7.23AH 1.60 5 12 1.20
198 1.495 8 3 " 6.7 AH 1.498 9 12 1.20
201 p 1.495 35 3 " 7.23 AH 1.495 35 12 1.20
204 P 1.495 3 " 6.64 AH 11
208 p 1.50 45 3 " 7.23AH 1.50 50 12 1.20
210 p 1.60 5 3 " 7.23AH 1.60 5 12 1.20
212 p 1.46 35 3 " 7.50AB 1.49 27 12 1.23
214 P 1.45 12 3" 7.5043 1.50 20 12 1.23
215 P 1.45 45 3 " 7.23 AH 1.45 45 12 1.20
216 P 1.495 3 " 6.64 AH 11
2i8 P 1.54 20 3 " 6,75 AR 1.51 13 %12 1.23
219 1.41 33 3% 7.5 AH 1.43 16 24 1.25
224 P 1.48 5 3 " 6.75 A  1.42 5 12 1.20



TARLE I. -~ Cont'd.

Electrical
Cell Overcharge 500 ma  Capaclty Check  Overcharge 500 m2a No. of Shorit Test
Serial No, Volts PSI To 1.0 ¥ Volts PSL Cvcles Voltage
225 P 1.39 17 3 amps 6.20 AH 1.45 11 12 1.20
227 P 1.50 43 3 amps 7.74 AH 1.50 12 12 1.25
229 P 1.46 3 " 6.99 AH 1.50 12 1.25
230 p 1.54 5 3" 7.59 AH 1.49 7 12 1.25
232 1.51 3" 5.9 AH 1.45 15 24 .25
233 p 1,50 3 * 7.084H 1.50 12 1.25
236 1.40 30" 6.48 AH  1.46 5 24 1.25
240 P 1.42 47 3 % 7.29 AH 1.43 b4 12 1.23
250 1.45 21 3 " 7.5 AH 1.50 29 24 1.285
251 P 1.52 3" 6.75AR 1.50 12 1.25
262 1.40 0 3 " 7.4 A 1.425 20 10 1.2G
263 1.50 42 3 " 6.5 AH  1.425 20 10 1.20
264 1.50 7 3 0" 7.4 AR 1.425 24 10 1.20
265 1.495 12 3 % 6.2 AH 1.425 21 10 1.20
266 1.495 13 3" 6.2 AH 1.425 24 10 1.20
267 1.50 i0 3 " 6.9 AH 1.45 43 10 1.20
268 1.40 23 3 " 6.9 AH 1.5 24 10 1.20
271 1.40 =10 3 " 6.8 AH 1.425 22 10 1.20
273 1.50 38 3 " 6.5 AR 1.43 18 10 1.20
274 1.40 0 3 " 6.5 AH 1.425 22 10 1.20
275 1.590 31 3 0" 6.2 AM  1.425 26 10 1.20
276 1.50 12 3 " 6.8 AH 1.45 8 10 1.20
278 1.40 -5 3 % 7.5 AE 1.425 39 10 1.20
279 1.40 10 3 " 7.3 AH 1.45 19 10 1.20
280 1.40 -8 3 " 6.7 AH 1.425 9 10 1.20
282 1.45 25 3 ®* 7.8 AH 1.50 31 10 1.20
283 1.45 12 3 " 6,9 AR 1.45 24 10 1.20
284 1.45 45 3 " 6,9 AH 1.45 4 10 1.20
285 1.45 56 3 0" 7.9 AH 1.45 8 10 1.20
286 1.45 24 3 v 6.9 AH 1.45 37 10 1.20
287 1.45 20 3" 6,9 Am  1.425 37 10 1.20
288 1.45 61 3 0" 7.6 AU 1.425 & 10 1.20
289 1.50 18 3% 7.3 AR 1.45 14 10 1.20
291 1.50 6 3 " 7.3 AH 1.45 10 10 1.260
292 1.45 17 3 " 6.4 AH 1.45 15 10 1.20

Those cells seriasl numbered from 262 - 292 are welded end perfectly
hermetically secaled end tested. They have passed every quality contrel check peiont
and have been thoroughly checked out electzically as well as mechanically before
delivery.
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At the beginning of this covtract, the Alkaline Battery Divi-
sion of $ulton Industries, Inc., in cocperation with the Ceramics Divi-
sion, had developed & ceramic-to-metal seal and succeeded in incorporat-
ing this seal into 2 nickel-~caduium cell. When the first attempts were
made to produce a quantity of sealed cells, this seal was found to have
some shortcomings. The ceramic shape regquired for this seal had a sharp
step which resulted in a siress concentration point. When tensile and
shear stresses were exerted upon the ceramic, during the finel closure of
can to cese, the cersmic was dansged.

Therefore, steps were taken to modify the design of the seal.

A new seal dezign was conceived, which resulted in compressive prestressing
of the ceramic as the seal was genmevated. An end condition was discovered
in which the compressive stress of the terminal to the ceramic was result-
ing in a shear load which set up fractures in the ceramic. A minor change
cleared up this difficulty, and we had the basic seal upon which te build
the cell.

The sealing process reqﬁires meticulous care in the assembly of
parts and the placing of sealing elements. This fmposes a great responsi-
bility upon the technician meking the seal assembly to repeatedly assemble
each unit with the required care and cleanliness. It has been demonstrated
that a good technician can consistently produce seals of very high quality.

The next problem encountered was in the making of the fimal
closure of the cell. Due to the small size of the VO-6 HS cell, the
joint between the cover &nd the case comes intc relatively close proximity
with the ceramic-to-metal seal at various points on its circumference.

The result was that uneven stresses induced in the cover by the operation

of welding the cover to the case, were destroying the ceremic~to-metal seal,




Three possible solutions to this problem were apparent; the joint
could be removed from the area of the seal, heat sinking could keep the
heat gway from the sezl, or a lower temperature method of sealing the cells
could be found. The first method was ruled out bacause it would add a sub-
stantial amount of weight tc the cell. Tha second methed was ruled out be-
cause it was considered too difficult to obtain adequate heat sinking in
the sreas imvolved. This left the last method, nemely, to find a solder
with sufficlent strength and resistance to elactrolyte.

Many materials were screcned to find & solder with suitabie ra-
sistance to potassium hydvoxide. Metsls and solder companies were contacted
and the field service and top technical consultsanis of the msjor companies
were called in for consuliation. The fisld narrovad to a cadmiuvm-silver
solder or a lead-silver solder. The cadmium solder being a harder solder
was selected. An attempt was made to sizach the seal to a separste ring
which could be scldered to the cover after the covar had been jcined to the
case by welding. This configuration was referred to a8 the fioating type
seal. However, due tc certain tolerznce counditicns and the flowing charsc~
teristics of the solder, the desired joini could not b2 made consistently.

The next step was to make the seal direcily to the cover, &nd
then solder the whole cover into place. Enough sucecess was &chieved with
carly models of this configuraticn to encourage further development along
this line. Tha cover was redesigned to accommodaie the2 nev method of join-
ing to the cover. A number of dummy cells were made and subjected to leak
and pressure tests with sigpificant suecceess.

The assembly of cells proved to be a differsnt matter. The flux
requizred to make the goider joint proved barmful o the electrode. By ex~

ercising very diligeni cave in the soldering opers:lion, it was possible




to minimize the effect, and produce a suitable cell. The handling of the
solder proved to be a major problem since it flowed very poorly, and the
tenperature at which it flowed, was very close to the temperature at which
it vaporized. The net result was that, while some good cells could be
made, the reject raie was exorbitaat. In a large number of cases, the
ceramic-to-metal seszl was being destroyed by the rigors of making the finsal
closure. A Lepel irduction heater was employed to try to limit the amount
of heat, and the locality of the heating. Technical comsultants from Lepel
Compeny a&nd Handy arnd Hermen Company wevre called in to perfect the process.
The closeness of the flow temperature of the solder to the vaporization
point created problems. The fit of the cover o the case was very critical,
so that thise operation was never gble to turn cut consistently good cells
which would wichstand cycling and vibration testing.

A few cells were made with the lead silver solder, which behaved
better than the cadmium solder es faxr as flow was concerned, but proved to
be too weak for reliable joints when the cells were tested for repeated
shock and vibration.

During this period of experimentation to devise a good closure
method for the can to cover joint, the zells were shock acceleration and
vibration tested under electricel lozd. No discontinuities of electrical
performance were observed, no resonances were observed, and the ceramic~
to-metal seal itself stood up very well., Shock tests were run as high as
50 ¢.

This brings us to the current state of the art of making hermet-
ically sealed cells. Refinement of the techniques of meking the ceramic-to-
metal seal, and the aquisition of & heliarc welding machine having excellent
control of the arc, have mesde the production of an zll welded cell an accom-

plished fact.



The welding operation aspeaved most feasible, but technique and
tooling were necesssary. The Linde Airco lLabs were contacted for consulta=-
tion. An expert heliarc welder was retained on & consulting basis to de-
sign and febricete iigs and fixtures for helding and cooling the cells
during weld. The weldiang comsultant also trained our operaters to make a
rapid and perfect weld. During August, Messrs. Wayne Stafford and Joseph
tlbexrt of Space Technology Laboratories visited us to observe the welding
operation. Mr. Albert is a metellurgist and a welding expert, and he was
thoroughly convincad that our approach to the problem was sound, and that
the resulting weld appeared to be satisfactory. Several welds were cut

open in cross section, 2nd examined and found to be sound.
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Beside the study of the heat transfer directly from the cell, means
of transferring heast from the cells within a battery pack sre being studied.
The use of aluminum sheets of approximasiely 1/32 inch thick, coated in such
a8 manner as to make them good electrical insulstors but not reduce the thermeal
transfer too greatly, have shown grzat promise in transferriag heat. These
sheets were placed between cells in lieu of the regular insulators, but con-
nected tc a heat sink, reduced the operating temperature of an internal cell
as much as QOOF.

Some of the heat transfer anslysis for seeled cells is already be-
ing applied to the development of a 20 ampere-hour battery for the 0AO power
supply which is a NASA project, being guided by Grumman Aircraft Engineering
Corporation, who hes subcontracted to Gulton Industries for the battery.

For the Z0 smpere-hour ceils, Figures 8§ snd 9 show & plot of inteyx-
nal cell temperature vergus time, as well as elecirical cell cheracteristics
versus time for ambient conditions of 83°F end 104°F, respectively. It can
be seen in both casges, that during the charging cycle, the iaternal cell
temperature of the cell remains congtent. FHowever, once the cell is fully
charged, the interral tewmperature begins to increase, 8ad the cell goes into
an overcharge condition at the 8 ampere charge rate. Looking at the electri-
cel charecteristice, one again sees a constent terminal voltage until a state

of overcharge is recached, at which trhe rerminal voltage begins to increase




and reach & plateau at a2 higher voltage. When the cells were placed on
the 1.4 ampere overcharge, the internal temperature decreased to & con-
stant value, and rverained there for the remainder of the test cycle.

Three dimensionzl thermal gradients were comstructed for the
cell during the charge, overcharge, aand discharge segments of the cycle,
for both ambient corditiors. (Figures 10 - 21)

From the figuree it may be seen that the lower two-thirds of
the cell runs hotter than the upper one-third., Thie is evident from the
fact that in the upper third of the cell, there are no cell plates, and

therefore no chemical reaction takes placz in this portion of the cell.

B. Electrical Characteristics 0f The VO~6HS Cell

The V0~6HS cells previously reported in Report Ne. 1 under this
contract have continued to be cycled and at this time have reached the 1700
cycle point with 30% depth of discharge for each cycle. Cell capacity has
not deterieorated. Cell pressure has not increased and end-of-charge voltage
and end-of-discharge voltage are still at quite acceptable vzlues. This
data is shown in Figure 22.

Additional electrical data has been cbtained at high and low teum-
peratures. Figure 23 shows the overcharge voltage characteristics at 48°F
and 120°F guperimposed on the original data sheet showing this character-
istic at 77°FP. Studies of cell performance at low temperatures indicate
that charge acceptence and continuous overcharge capability &re reduced.

At high temperatures 120°7 charge efficiency is reduced, and recharge charge
can only be accomplished at high rates (C rate) or for impractically long
periods of time at iow rates (S0 houvs at ¢/10 rate’. Further study of ex-
treme temperature oneration and R & D on methods to improve cell performance

at these low temperaturss appear to be worthwhile future projects.
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V. CONCLUSIONS

Febrication Of Cells

The elimination of solder and the redesign of cell components
for welded construction appears to have eliminated all major barriers

to the production of completely sealed cells.

Establishment Of A Pilot Line

The major comporents of the pilot line exe in place. Refinement
of certein tecimniques and equipment to increase production and reliabil-

ity will continue.

Regearch And Development

A method of analyzing a cell configuration for optimum heat tzans-
fer is available. After the method is substantiasted by experimental re-
sults, we will have a useful tool to use in determining optimum configur-
ations of cells. Investigation of the problems imvolved in vemoving heat
from the inside of a cell to & heat sink has resulted in reduced tempera~
ture gradients within a battery configuration.

V0-6HS cells have been continuousiy cycled in a 30% depth of dis-
charge for over 1700 cycles. Overchsrge data at 40°F indicates a reduced

capability at this low temperature. Data was also collected at 120°F.
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PHASE 1I.

PHASE I1IX.

PPASE III.

VI. PROGRAM FOR_MEXT PERIOD

Febrication Of Cells

More all welded cells will be delivered. Thirty-five of
these cells are to be delivered to the Goddard Space Flight
Center by September 30, 1961.

The design of the V0~6HS cell will be studied further,
and any changes that will improve the fabrication, functicn,
or relisbility of these cells will be incorporated in the pro-

duction cell.

Egtablishment Of A Pilot Line

Consideration is being given to the problem of machire
capacities and backup machines to cover possible breakdown of
essential equipment. Further study of the production tech-
niques will be made to incresse production capability and re-

liability.

Research And Development

Experimental configuration of the dexrived heat transfer
equations will be obteined. Further analysis of the mechanisms
of heat trensfer in sealed cells will continue.

Evaluation of the electvical characteristics of the V0-6HS
cell will continue, particularly at high and low temperatures
and on continuocus cycle with a 90 minute cycle. Studies will be

made of cherge efficiency at high zemperatures.
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PHASE III.

(Continuad)

Thin plate cells will be studied and protetypes built to
determinz if 20 watt-hours per pound is achieveble with this
gecmetry.

Eveluation will be done at 155°F for sepeérator materials

of potertial interest.

by
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Vi, PERSCONMEL

R. C. SHAIR, Director of Research

H. N, SEICER, Section Head Physical Research

HOURS WORKED

48
2

R. J. DAGNALL, Mechanical Engineer, Froject Engr. 263

H. T. STAUB, Mechanical Engr., Asst. Proj. Emgr. 392

A. CHER.D‘\.K, Electrical Engineer

R. FLECKENSTEIN, Jr. Electrical Engineer
L. ARDREWS, Draftsman

J. ALFIERI, Jr. Mechanical Engineer

D. MOWEN, Jr. Mechanical Engineer

J. LO MONTE, Production Engineer
ASSEMBLY LABOR

C. HENNINGSEN, Jr. Electrical Engineer
M. ROBINS, Industrial Engineer

A. KOWALSKI, Jr. Electrical Engircer
J. CARTER, Section Head Development

Total

Quarterly Direct Labor Cost

46
368
49
424
432
492
2133
16
276
40
104

5085

$13,093
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